
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



w *■ 



^^^Bi 




K4ii! 



l.A'KE 



' '- >,* -..'^ \ 




;a]S" 




Kii) 




THE MMGIPAL EIICTRIG lOEES, 





of tbe 

'Ulnivereiti^ of Mieconein 




Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



THE LAKE BIWA CANAL 



AND ITS 



HYDRO-ELECTRIC POWER. 



(THE MDHICIPAL ELECTRIC WORKS.) 



KYOTO, JAPAN. 



TOKYO. 

Printed at the " Tokyo Tsukjji Type Foundry." 
1904. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



14 1^ 31 
?Ci ^ i 1910 
TP 



(p'i^H^M 



THE MUNICIPAL ELECTRIC WORKS, 
KYOTO, JAPAN. 



The construction of electric works by the municipality of 
Kyoto, challenges attention because of the fact that they represent 
one of the first examples of hydro-electric-power plants in the 
world. The plan and illustrative diagrams shown in connection 
with this descriptive text, will serve to give a general idea of 
the magnitude of the undertaking, together with a clearer under- 
standing of certain details of the work. 

The works are owned and managed by the municipal govern- 
ment of Kyoto, and supply electric light and power to all parts 
of the city. Kyoto has a population of 380,000, and it is one 
of the three principal cities in Japan : it is famous for its Fine 
Arts, for its old temples, and for the beautiful scenery of the 
mountains by which it is nearly encircled as in an amphitheatre. 

The electric works, of which this monograph treats, are im- 
portant not only for their magnitude but also, as has been said, 
because of their being the pioneer of such enterprises. Of a 
hundred electric-power stations now existing in Japan, one-half 
are hydro-electric plants which have followed, in their construc- 
tion and management, the example set by the Kyoto electric 
power plant on the Lake Biwa Canal. There still remains, in 
various parts of the Empire, millions of horse-power in running 
water simply waiting for enterprising citizens to utilize them. 

The rapid development in the use of water-power in the city 
of Kyoto has created a larger demand than the capacity of the 
existing plant is able to supply, and the construction of a new 
canal and the installation of an electric-power plant, having 
larger capacity than the present one, are expected to be com- 
menced in the near future. The design of this new enterprise 
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will be of the most recent and improved character, and when 
completed it is confidently assumed that it will be one of the 
best possible examples of a hydro-electric-power plant. 

The Lake Biwa Canal not only supplies water-power to the 
present hydro-electric-power station, but it also affords a con- 
tinuous line for boat navigation from Lake Biwa to tidewater in 
the bay of Osaka. Moreover, the canal yields a portion of its 
water for the purpose of irrigating extensive fields of rice in the 
agricultural districts adjacent to it. The municipality does not 
derive any substantial income from the electric plant, but it 
secures a certain indirect advantage for the city in that the plant 
supplies cheap electric light and motive power. 

The general plan, which is shown in connection with this report, 
shows the Lake Biwa Canal, the hydro-electric-power station, the 
scheme of transmission wires, and longitudinal and cross sections of 
the canal ; together with maps of Japan showing the situation of 
Lake Biwa and the course of the canal. The line of the new 
waterway, which is expected will be constructed in the near 
future parallel to the present canal, is also shown. The legend 
on the plan reads as follows : — 

Length of main canal, from Lake Biwa to the City of 
Kyoto, 7 miles, including 11253 feet of tunnels and 
1820 feet of an inclined plane. 

Length of canal, from the City of Kyoto to the Town 
of fushimi, 5j^ miles. 

Length of branch canal, $}( miles. 

Capacity of main canal 300 cubic feet per second. 

Power station 115x138 feet with 19 dynamos having 

A TOTAL OUTPUT OF 1 785 KILOWATTS. 
5 LINES OF 36 INCH PIPES SUPPLY THE POWER STATION WITH 
250 CUBIC FEET PER SECOND OF WATER HAVING I GO FEET 
OF EFFECTIVE HEAD. 

Total length of power transmission wires 2ig miles. 
Work on the canal was commenced in August 1885, the 

MAIN AND BRANCH CANALS WERE COMPLETED IN ApRIL I89O, 
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the power station in december 1 89 1, the canal from 

Kyoto to Fushimi in September 1894. 
Professor, Doctor S. Tanabe, M. E., being the Engineer- 

in-Chief. 
The const!wction of a new canal and power plant, 

having larger capacity than the present ones, is 

expected to be commenced in the near future. 

Plate No. I shows Lake Biwa and the Intake of the Canal. 
The surface of this lake, the largest in Japan, is 280 feet above 
the sea and its area covers 400 square miles. 

On the left of the entrance to the canal, there is a considerable 
section of reclaimed land, extending 1000 feet from the shore; 
this was made with the materials taken from the canal excavation 
and in boring the tunnel. There is a small pumping- station 
at the outer extremity of this reclaimed land. The pumps supply 
water for a part of the town of Otsu, on the shores of the 
lake, and arc worked by electric motors, the current being 
supplied froin the hydro-electric-power station, 6 miles distant. 

Just between the second and third bridges from the lake shore, 
there is a regulating sluice which adnlits a constant flow of water 
into the canal of 300 cubic feet per second : at one side of the 
sluice is a lock which permits of boats passing from the lake to 
the canal, and vice versa, at any difference of level of water in 
lake and canal. 

The main canal debouches into the river Kamo, in the city 
of Kyoto : it has two locks, an inclined plane, and three tunnels ; 
open section of the canal connecting them. The difference in 
level between intake and outlet is 140 feet, of which 129 feet 
are over come by the inclined plane and one lock ; the remaining 
II feet by the canal gradient, which varies from i in 2000 to 
I in 3000. 

Plate No. 2 shows the lock at the intake, in the town of 
Otsu : the regulating sluice and the tow-path of the canal are 
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not seen. The lock-gates are left open when the level of the 
lake is very low, as was the case when this picture was taken, 
but they are usually shut. Underneath the pony truss is seen 
the entrance to tunnel No. i : it is i^ miles in length, is the 
longest navigable tunnel in Japan, and is one of the rarest ex- 
amples of this kind of work in the world. 

It has a horse-shoe cross section, i6 feet wide and 14 feet 
high, providing for a depth of water of 6 feet. The average 
velocity of the water in the tunnel being 3.3 feet per second, 
the boots going down stream are simply sculled; while those 
going up are propelled by pulling on a wire-rope which is fixed 
to staples driven into the wall of the tunnel ; there is, therefore, 
no tow-path in the tunnel. 

The tunnel was constructed almost entirely by hand labour ; 
the reasons for this* being chiefly the frequent changes in the 
character of the rock and the cheap wages of miners. The an- 
nexed diagram of the tunnel work shows the geological nature 
of the rock and the progress of the boring. 

Plate No. 3 shows a stretch of open canal skirting the hillsides 
between tunnels Nos. i and 2. The pictures was taken from a 
hill just over tunnel No. 2, looking eastward toward tunnel No. i. 

This stretch is 2^/^ miles long, with a mean width of water 
surface of 29 feet and a depth of 5 feet ; it has side slopes protected 
by rubble-stone pitching set in cement mortar in some places. 

Tunnels Nos. 2 and 3 are near each other : they have a 
length of 411 feet and 2802 feet respectively, and the construc- 
tion is the same as that of tunnel No. i. 

Plate No. 4 shows the inclined plane as seen from the drum 
house. The incline is 1820 feet in length, being the longest in 
the world, and connects canals that have a difference of 1 18 
feet in level, the slope of the plane being I in 15. A railway 
of 8 feet 3 inches guage is laid with 75 lb. rails on wooden 
sleepers. A steel wire-rope of 4 inches circumference and 5000 
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feet in length, is wound seven times round a drum 12 feet in 
diameter, and the remainder stretches over 60 grooved pulleys, 
distributed all the way from the high-level canal, or upper pool, 
to the tail-race, or lower pool. To this wire-rope two, eight- 
wheel cradles are hitched; upon these cradles a 5 ton freight- 
boat, as well as 10 ton boat, go up or down, loaded or empty, 
in 12 minutes. 

The drum is run by a 50 horse-power Sprague motor, ener- 
gized by a direct current of 500 volts. 

Plate No. 5 shows the outside of the power station, as seen 
from the northwest. 

The house is 138 x 115 feet and is built of brick in excavated 
ground with the object of securing as great a head of water as 
possible. On the north side, a flight of granite steps leads down 
to the two main entrances. A tower on the central ridge of 
the roof is added to permit of 80 line-wires leaving the power 
house. There are seven lighting conductors placed on the roof, 
to prevent direct discharge of atmospheric electricity. Five iron 
pipes of 36 inches diameter each, with a total length of 6300 
feet, supply the power station with 250 cubic feet of water per 
second; this has an effective head of a little over 100 feet and 
drives 20 Pelton water-wheels. 

The water, after turning the wheels, flows into the tail-race 
through a discharge tunnel 12 feet wide and 10 feet high. The 
whirlpool, towards the right-hand side of the picture, shows the 
water rushing on its way through the discharge tunnel. 

Plate Nos. 6 and 7 show the interior of the power station. 
On the right-hand side, along the brick wall, are switchboards 
for the different dynamos. 

The details of the arrangement of water-wheels, dynamos, 
and switchboards, are represented on the annexed plan and sec- 
tions : in which numbers are marked on the dynamos, corresponding 
to those of the following table. 
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Table Showing Use of Eleetrie Power and Lights Snpplied. (Dee. 1903). 



Purpose for which used. 



Rice mills 

Weaving and spinning mills. 
Dry goods establishment .... 

Vermicelli etc. factories 

Whetstone works 

Dyeing establishment 

Metal foil works 

Oil-presses. 

Hotels 

Silk spinning mill 

Soda water maker 

Hospital 

City arc lights 

Telephone exchange 

Powers and lights 

Electric railway 

Sheetmetal roll mill 

Printing-offices 

Apothecaries. 

Fan 

News paper offices 

Machine-shops 

Cotton-spinning mill 

Cigarette maker 

Cotton mill 

Needle works 

Theater 

Restaurant 

Roll press 

Watch factory 

Bath-house 

Ice works 

Incline 

Others 



Electric horse 
I^ower. 



Light 
(in II. P.) 



24.5 

262.0 

6.5 

1.5 

5.0 

25.0 

1 0.0 

20.0 

21.0 

1350 

3.0 

4.0 

0.0 

10.0 

1 00.0 

200.0 

122.0 

19.77 
i.o 
0.1 
3.0 

15-25 

290.0 

100.0 

7.0 

20.0 

10.0 

1.0 

2.0 

8.0 

3-0 

lOO.O 

30.0 
3.0 

1562.62 



Customers. 



2.00 

56.56 
4.80 

3-58 

0.0 
2.0 

2-5 

1.0 

38.16 

20.0 
0.0 
0.0 

32.5 

0.0 

1054.6 
0.0 

8.5 
19.335 

0.0 

1.7 

0.0 

1-75 
36.972 
1 0.0 

0.0 

0.0 

0.0 

1.93 

0.0 

0.5 

7-5 

3.5 

0.0 

0.0 

1309.387 



12 
10 

3 

2 
I 
2 
I 

3 

5 

I 
I 
I 

^Clty. 32 

lamps 

I 
I 
I 

5 
5 

I 
I 

I 

5 

I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
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Table Showing Water Supplied in Cnbic feet per Second. 



Purpose for which used. 


Quantity. 


Customers. 


Rice mills 


369.882 

50 

5-2 

86.0 

390 
1.0 


16 

I 

3 
I 

I 
z 


Cotton mill 


Fire hydrants 

Cotton spinnings mill 


Wire-rolling mill , , 


Ice works : 




506.082 


23 



Plate No. 8 shows a corner pole of one of the trunklines. It is 
Hinoki, Japanese cypress, 15 inches in diameter at the top, and 
60 feet long. It has 27 crossarms of Keyaki 5 in. x 5 in. x6 ft.,, 
which carry 80 insulated wires from No. 2 B. S., up to 19 
Strands of No. 12 in size. 

All the crossarms that carry high tension circuits are painted 
red to distinguish them from those carrying low tension wires,, 
which are left unpainted. The way the pole leans away from 
the comer must seem quite peculiar to those who are accustomed 
to see upirght iron-poles ; but this manner of construction is 
chosen for an express purpose. 

Insulators for high tension lines have three petticoats, and twa 
shackles of double petticoats are set up in series in such a way 
as to insure the best line-insulation. 



FINANCIAL FEATURE. 

The initial cost of construction of the Lake Biwa Canal 
amounted to $ 70x3,393.09 U. S. Gold. That part of this invest- 
ment which was in the form of public bonds, was paid back long 
since, and no deficit exists at the present time. Of the expense 
of $ 328,824.60 incurred for electric plant, a part has been 
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For less than 



between 



I 

5 
lo 
20 
30 
50 
than 



& 



repaid^ leaving the investment, at the end of 1902, at $ 234,650.00. 
By the end of the present fiscal year, that sum should be reduced 
to $ 207,500.00 ; and as 709^ of the net profit is set aside for the 
purpose of repaying the investors, while 39^ is reserved as a 
maintenance fund, by the end of 1909 all the original investment 
5hoyld be repaired. 

The rates charged to customers along constructed lines for 
-electric supply are : — 

I H. P. @ 1(65.50 per H. P. per annum. 

S n n @ ;?43-25 
, 10 „ „ @ ^35.50 
, 20 „ „ @ K32.50 

, 30 n n @ 1(30.00 

, 50 „ „ ® $27.00 

,100 „ „ @ 1(24.00 

more than 100 „ „ @ $21, ys 

These rates are for 1 2 hours daily use ; 

for 18 hours daily use, and 5096 for 24 hours use. 

For water power, such customers are charged : — 

1(98.00 per annum per cubic foot per second at an 
80 feet head ; at a lower head a proportional reduction 
is made. 
For boat traffic: the charges are: — 

5 ton boat @ ^12.50 per boat per annum. 
10 „ „ @ ;^20.oo „ „ „ „ 
Passenger „ @ K15.00 „ „ „ 
Row „ @ ;$ 5.00 „ „ „ 

Tolls for passenger and row boats at Ke-age Incline |(o. 1 5 per boat. 
„ „ » „ „ n „ Fushimi „ $0,075 „ „ 



the increase is 30% 
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THE PROPOSED NEW WATERWAY. 

Surveys and plans have already been made, and it is confidently 
expected that the construction of a new canal and power plant, 
of larger capacity than the existing ones, will be commenced 
within a short time. 

As it is desirable not to interfere with the working of the 
present system, it has been decided that it is easier and more 
economical to construct an independent waterway, almost parallel- 
ing the existing canal. 

The intake of the new waterway is to be on the north of 
that of the present one. It is intended to protect it with re- 
claimed land, and to construct an independent regulating sluice 
for it. 

As it is not purposed using this new waterway for navigation, 
the depth of water will be increased and the cross section 
reduced, so that a much greater volume of water will be carried 
than can be admitted into the present canal. 

Of the total length of 5 miles, from the intake to the proposed 
site of the new power station, about three fourth is to be run by 
tunnelling or in a covered way, the slope being i in 2615, with 
a capacity of 5 50 cubic feet per second. To the north of the 
fourth tunnel of the present canal, where the new waterway 
joins it, the width and depth will be increased and a new intake 
for the new power station is to be made. 

Four lines of pipes of 48 inches diameter, with a total length 
of 1650 feet, are to run four turbines of 11 00 horse-power each, 
with a dynamo coupled direct onto each turbine axle : one pipe 
of the same diameter is to be provided for overflow. 

Of the 550 cubic feet of water per second, 50 cubic feet per 
second is to be reserved for the future water supply of Kyoto 
city, and the remaining 500 cubic feet of water per second is 
to run the turbines. 
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J. NAIKI 

Mayor of the City of Kyoto 

R. OTSUKI 

Vice Mayor 

K. SHOBAYASHI 

Vice Mayor 

H. SUMITOMO 
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SUIBUIMUSHO 
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5. SHIMOTSUMA 
Director 

Y. KiMURA 

Vice Director 

6. E. KATO, E. E. 

Chief-Eng. 

C YAMAOA 
Engineer. 



Dr. S. TANABE, M. E. Consulting Engineer. 
Baron K. KITAGAKi wtfj the proposer of the canal scheme. 
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(i) The I^ke Biwa and the Intake of the Canal. 




(2) The Lock at the Canal Intake, looking toward Tunnel No. i. 
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(3) The 0^)cn Canal between Tunnels No. i and No. 2. 




(4) The Inclined Plane. 
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(5) The Hydro-electric Power Station, exterior appearance. 




(6) The Hydro-electric Power Station, interior appearance. 
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HYDRO-ELECTRIC POWER STATION. 
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-Plan- 
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Scale. 
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